INTRODUCTION
In modern industry the goal is to manufacture any item/products at low cost, with high quality in short time. Turning is a very important machining operation employed to remove the extra material from the periphery of work piece. Surface roughness is an important quality parameter of turned/machined surface. Selection of correct combination of cutting parameters will help the machinist to complete the operation in minimum possible time maintaining the required value of surface roughness.In turning operation, parameters such as cutting speed, feed, and depth of cut, cutting tool geometry and materials as well as use of any cutting fluids will impact the material removal rates and the machining qualities like the surface roughness, the roundness of circular and dimensional deviations of the product.
Carmita Camposeco-Negrete [1] conducted the experiments to optimize the cutting parameters for minimizing energy consumption in turning of AISI 6061 T6 Al with the support of orthogonal array, signal to noise (S/N) ratio and analysis of variance (ANOVA) and they observed that feed rate is the most significant factor for minimizing energy consumption and surface roughness. Srinivas Athreya and Y. D. Venkatesh [2] worked on lathe facing of mild steel. The objective of his work was to obtain optimum cutting conditions to get minimum surface roughness in facing of mild steel. Taguchi method was applied in this experimental design work. From the experiment it was finalised that, cutting speed has the most significant role on quality of surface roughness followed by depth of cut. D. Philip Selvaraj et al [3] optimized the surface roughness, cutting force and tool wear in tuning of duplex stainless steel and authors mentioned in their result that the feed rate is the more significant parameter influencing the surface roughness and cutting force and predicted results are found to be closer to experimental results within 8% deviations. Mathematical model developed with the help of RSM. K. Adarsh Kumar et al. [4] performed research work to analyze, how surface finish of EN-8 is affected by speed, feed, depth of cut on the basis of multiple regression analysis and analysis of variance. Chorng-Jyh Tzeng et al [5] coupled Taguchi technique with grey relation analysis to optimize machining parameters which affect the surface roughness of SKD 11 is a high carbon high chromium alloy tool steel and finally the identified that depth of cut was the most influence on the roughness average and the cutting speed was the most influential factor to the roughness maximum and the roundness. Additionally, the analysis of variance (ANOVA) is also applied to identify the most significant factor. S. Arul [6] worked on optimization of machining parameters of glass fiber reinforced polymer. The data of machining parameters, tool life, thrust force and torque was analysed and optimized by using a algorithm which is based on group method data handling system. M.P. Jenarthanan [7] performed an experimental work to investigate the machining parameters in milling operation of glass fibers reinforced plastics (GFRP). For this tool used were solid carbide end mill tools. It was observed that, Feed rate was the machining parameter that has the highest influence on specific cutting force and surface roughness followed by the helix angle of the cutter. Saadat Ali Rizvi and Wajahat Ali [8] optimize the machining parameters in turning of IS2062 steel with Taguchi technique for dry turning operation and they mentioned in their result that cutting speed having significant effect on tool wear followed by feed rate.R. Suresh et al. [9] conducted experimental work on AISI 4340 steel with the help of RSM method. They concluded that to minimise surface roughness and cutting forces, it is necessary that low feed rate, high cutting speed, low depth of cut and short machining time are employed and to minimize tool wear low cutting speed and low feed rate required. S.Z. Chavoshi and M. Tajdari [10] , worked on AISI 4140 steel by using CBN cutting tool on lathe machine. They analysed that hardness has most significant effect on roughness of surface produced after machining operation. Anil Gupta et al. [11] performed a research work and concluded that, the cutting speed of 160 m/min, feed 0.1 mm/rev, nose radius 0.8 mm, the depth of cut of 0.2 mm and a cryogenic environment are the most favourable machining parameters for the turning of AISI P -20 steel on CNC. Sahin et al. [12] worked on a model of the surface roughness for machining of mild steel by using TiN-coated carbide tool. In result they concluded that roughness of surface increases with increase in feed rate and surface roughness decreases with increase in depth of cut and depth of cut. Saadat Ali Rizvi, Wajahat Ali [13] optimized machining parameters which affect the surface roughness of EN 8steel in CNC turning operation, for this purpose they applied Taguchi technique and they produced a elation ship between the depth of cut and surface roughness and inform that on increasing the depth of cut surface roughness also increases. Murat Sarıkaya and Abdulkadir Güllü [14] studied the effect of the main turning parameters such as, cutting speed, feed rate, depth of cut and cooling condition on arithmetic average roughness (R a ) and average maximum height of the profile (R z ) when turning of AISI 1050 Steel and they informed that feed rate was most effective parameters on the surface roughness.
Cooling conditions are significantly effective on the surface roughness. MQL is a good tool in order to increase of the machined surface quality for cutting operations.
M. Venkata Ramana and Y. ShanmukaAditya [15] worked on titanium alloys to determine the effect of process parameters on surface roughness during tuning operation and from result it was observed that feed rate is contributed more as compared to cutting speed and depth of cut to minimize surface roughness for both uncoated and coated tools.
TAGUCHI METHOD
This method is developed by Dr. Genichi Taguchi born in 1924 in Japan. This is a Fractional Factorial design method based on orthogonal array. In general main effects and interaction of two factors is considered and it is assumes that some higher order interactions are not much important. This method is used to find best set of values of controllable factors to make the design less sensitive with variation of noise, means Taguchi make a design more robust.
Signal-to-Noise ratio:
Main performance measuring character of Taguchi is signal-to-Noise ratio or simply known as S/N ratio. It is used to reduce variation of signal and to optimize the input factors for producing best possible response. 
ANALYSIS OF VARIANCE
It is also known as ANOVA. It is used to check whether means of more than two set quantities are equal or not with the help of F-test. It is a statistical tool applied on result of Taguchi experiment to determine percentage contribution of factors. It use S/N ratio of Taguchi method for this calculation.
MATERIAL
Workpiece material used in presented work is 16MnCr5 which is a low alloy case hardening steel. It is used for the purpose of toughness and wear resistance. This material is used to manufacture camshaft, axle and crankshaft etc. fig 1 shown the work piece material after turning operation. 
SELECTION OF FACTORS AND THEIR LEVELS
Cutting speed in rpm, feed in mm/rev and depth of cut in mm selected as factors for design of experiment and roughness of machined surface as response. The turning parameters used and their levels chosen are listed in Table 3 
EXPERIMENTAL PROCEDURE
In presented research work experimental setup consist CNC lathe machine, tungsten carbide insert, work piece, micrometer and surface roughness tester. shows the experimental arrangement and a graphical abstraction of the process is shown in fig  3. Turning operation is performed on 16MnCr5 material work piece in dry environment. There are total 27 experiments are carried on work piece with changing levels of three factors in each experiment. After that surface roughness was measured of each cut produced in different experiments. Fig. 3 . Graphical abstract
CNC Lathe Machine
CNC machine used in turning operation was universal turning machine MIDAS 8i by GALAXY MACHINARY PVT. LTD Rajkot. Turning operation is carried out on this machine, a dry environment was chosen because of environment safety. Fig 4 shows CNC machine used in turning process. Fig. 4 . CNC machine
CNC lathe machine specification
CNC lathe is used in this process is shown in fig 4  and the specification of machine is given in Table 5 .
Turning
FANUC Oi "T" Table 5 . Specifications of CNC lathe used
RESULT AND DISCUSSION
The experimental results for average surface roughness, R a corresponding to experimental layout using L 27 , orthogonal array are listed in Table 6 Table 7 and Table 8 show the response tables for S/N ratio and Means. Tables show the rank of factors according to their effect on response. A factor which has high delta value shows low rank value. Table 9 . Regression analysis coefficient
ANOVA
The analysis of variance is used to find out which factor is more significant effect output response. Table 10 shows depth of cut (P = 0.001) has highest effect on surface roughness. Second highest effective factor is speed (P = 0.002) and feed (P = 0.347) has least effective factor for surface roughness. 
Model Summary

CONCLUSIONS
Issues related with surface roughness during high speed machining of 16MnCr5 steel has been reported in this paper. Turning experiments were conducted at different speeds ranging i,e (400 rpm, 600 m/min, 8000 rpm). From investigation it was observed that depth of cut has highest effect on surface roughness followed by speed. Feed rate has lowest effect on surface roughness and Minimum surface roughness of were obtained at speed 800 rpm, feed 0.12 mm/rev and depth of cut 1.5 mm.During the investigation no major signs of tool damages were observed and Surface roughness obtained corresponding to optimum cutting parameters was 0.7543 µm.3-D figure represent effect of the turning parameters on surface roughness
